Background: This research presents the use of photoplethsmography combined with Traditional Tibetan Pulse reading for the estimation of the three energies of a person: Activity, Transformation and Stability. The growing interest to revive traditional finger pulse reading attests of the need to find alternative ways to approach complex multi-source diseases as well as individualised diagnostic wearable or portable cost effective systems. Method: Our work is presented in two studies. The first study presents the development of the technique of photoplethsmography to classify the three energies. The second study presents a validation of this methodology on mental stress and relaxation. Results: Energies classification achieved a sensitivity above 85% and specificity above 72%. Mental stress and relaxation could be significantly discriminated from baseline condition. Harmonic analysis gave further insights into the dynamic of the pulse wave under stress/relaxation. Conclusion: The photoplethsmogram contains information pertaining to the mental and physiological state of a person as interpreted with the Eastern energies concepts. The implication of this work points towards a holistic understanding and impact of human activities, health and its environment.
• Complexity: are the details of the pressure wave shape felt under the fingers within each heart 140 beat [40, 41] . This behavior can be related to local vasoconstriction and/or dilation of the vessels 141 as well as the arterial branching system which influences the location of the dicrotic notch as well 142 as the amplitude of the dicrotic wave. It can be described using spectral entropies and location 143 and bandwidth of the harmonics of the pulse wave. The shape of the pulse wave can have low, 144 average or high complexity [42, 43] .
145 Table 2 shows a qualitative interpretation of the three energies in function of the three principles 146 above which are directly connected to the physiological parameters described above. The goal of this 147 Table is to give the reader an intuitive interpretation of the energies. Each of these principles are further 148 linked with quantitative measures as shown in the Table 3 and described in detail in the Section 4.1.1..
149
The physiological processes involved in the quantification of the three energies can be quite 150 complex as a nonlinear mix of inter beat intervals variability and pulse wave shape [44] . As a result, 151 the qualitative interpretation from Table 2 must be turned into a quantitative one using machine 152 learning techniques as exposed in Section 4.1. The complete flow chart of our work is shown in finger pulse reading and 3 to 5 minutes for the pulse wave recording. We used such a short recording 196 time in order to avoid muscle tension, movement and sweating artefacts as much as possible. implemented a technique to normalise each heart beat pulse wave so that they have the same peak to 333 peak amplitude of 1 and same duration of 1s [38] . From the knowledge of the peak wave instant P(k), 334 the procedure was performed in three steps: 1) to detrend each heart beat so that each diastolic points 335 have zero amplitude, 2) to resample each heart beat wave using a linear interpolation method, and 3) 336 to normalise each heart beat to an amplitude of 1. Once this procedure is performed on each heart 337 beat pulse wave, we performed a spectral analysis and derive the power spectral density P(ω 
where Ω is the bandwidth of interest andP(ω) is an estimation of the energy-normalised power 
where ω AM,FM is the angular frequency of the (Amplitude,Frequency) modulated part of x(t) and n(t) 373 is some zero mean noise. The modulation depth UL varies between 0 and 1. The estimation of UL can 374 be performed using demodulation methods. of Transformation and Stability: (Transformation -Stability). The confusion matrix at the optimal ROC 427 point C FP of the QNN FP is given as:
428
C FP = C FP 1;1 = 85(2) C FP 1;2 = 15(2) C FP 2;1 = 28(2) C FP 2;2 = 72(2)
The second classifier is called QNN Second Pass (SP): QNN SP . By assumption we assign Class 1 429 to Transformation, while Class 2 is Stability. The confusion matrix at the optimal ROC point C SP of the 430 QNN SP is given as:
431
C SP = C SP 1;1 = 90(2) C SP 1;2 = 10(2) C SP 2;1 = 14(2) C SP 2;2 = 86(2)
Our classificaion results are summarized in Table 5 432 Distributions of parameters across subjects were summarized using the median and inter-quartile 434 range in box plots. Significant differences between parameters were identified using paired t-Tests 435 (significance level α = 0.05). The statistical analysis is summarized in Table 6 where the significance value p m,n is displayed 448 with the following index convention: n, m = 1 for Baseline, n, m = 2 for Stroop 1, n, m = 3 for 449 Relaxation, n, m = 4 for Stroop 2 and n, m = 5 for Recovery.
450 Table 6 . Statistics for the three energies Transformation p 1,2 = 1.16 10 −6 ; p 2,3 = 5.43 10 −4 ; p 2,4 = 5.79 10 −4 ; p 2,5 = 2.57 10 −5 Activity p 1,2 = 9.45 10 −5 ; p 2,3 = 1.14 10 −3 ; p 2,4 = 2.77 10 −3 ; p 2,5 = 1.62 10 −4 Stability p 1,3 = 2.36 10 −2 ; p 3,4 = 1.33 10 −2 ; p 3,5 = 2.50 10 −2 The statistical analysis is summarized in Table 7 with the same convention as above. H 2,4 and 466 H 2,4 are thus good candidates for monitoring stress and relaxation. It was also selected by our feature 467 selection algorithm in Section 4.1.1. 2nd order with cutoff frequencies 0.3Hz and 4Hz) asymmetric sawtooth signals (shape is shown in 472 Figure 6(a) ). The asymmetrical sawtooth shape controls the systolic and diastolic heart contraction 473 and relaxation phases, and noteworthy the crest time: i.e. the time from the foot to the peak systole. 474 We have simulated different PPG with increasing crest time (CT), i.e. the the time delay between the 475 onset of a pulse wave and the peak of the wave also called tidal wave peak, in the range of our clinical 
